years, there was a 51% reduction in risk after 1 month (HR 0.49; 95% CI 0.27-0.91). Conclusions: Prescription of oselt amivir for influenza is associated with a reduced risk of stroke/TIA.
Influenza vaccination is the most effective and widely accepted method for influenza prevention. Previous studies have shown that influenza vaccination can reduce the risk of cardiovascular events including myocardial infarction and stroke [1, [6] [7] [8] [9] [10] [11] [12] . However, influenza vaccination is not always fully effective [13] , especially when there is a strain mismatch and, in the elderly, due to lower antigenic response. In addition, rates of vaccine uptake are far below optimum, including in subjects at high risk of cardiovascular diseases [8, 13, 14] . Therefore, many individuals remain at risk of influenza infection and its complications.
Once an individual is infected with influenza, antiviral agents, such as the neuraminidase inhibitor oseltamivir, are effective in treating the symptoms of influenza and reducing the duration of illness [15] [16] [17] [18] . Previous studies have hypothesized that oseltamivir may be associated with a reduced risk of hospitalization in patients with influenza and a reduced risk of death in hospitalized patients [18] [19] [20] .
We hypothesized that the risk of stroke or transient ischemic attack (TIA) after influenza infection may be reduced by oseltamivir treatment. Therefore, we conducted a retrospective cohort study in a large group of subjects to examine the rates of stroke and TIA in adults prescribed oseltamivir for influenza.
Subjects and Methods

Study Design and Patients
In this retrospective cohort study from May 2000 to September 2006, outcomes in the 6 months following influenza diagnosis in adults (aged 6 18 years) were compared for patients prescribed oseltamivir and those who did not receive any antiviral medication.
Anonymous, patient-level medical and pharmaceutical claims data were obtained from a managed-care database from a large insurer with 1 10 million covered lives. Data were primarily from health maintenance organization plans, with other types of plans included, such as Medicare Risk Plans (when data were complete for patients aged 6 65 years). Patients with International Classification of Diseases, 9th Revision, Clinical Modifications (ICD-9-CM) diagnosis codes for influenza, 487.0, 487.1 or 487.8 on outpatient claims were identified. The date of the first claim for influenza was used as the study index date for each patient. Patients' demographic and medical history data and history of risk factors for stroke during the 12 months before the index date were collected.
Patients were excluded from the study if they were not continuously insured for 12 months before influenza diagnosis. Patients with inpatient hospital, inpatient psychiatric facility or emergency room influenza claims were excluded as full drug data may not have been reported. Patients with only laboratory claims were excluded due to the possibility of 'rule-out' diagnoses. Only the first claim for influenza for each patient during the study period was included.
Patients were included in the oseltamivir cohort if they had a claim for oseltamivir within 1 day before or 2 days after the index date and no other antiviral drug claim within 8 6 months of that date, and in the comparison cohort, if they had no claims for antiviral medication (i.e. oseltamivir, zanamivir, amantadine or rimantadine) within 8 6 months of the index date. Patients prescribed oseltamivir for prophylaxis were not included in this study.
Outcomes
The overall incidence rates of stroke or TIA in the 6 months following the index date were evaluated. Patients who subsequently died as a result of a stroke or TIA were included in the analysis. Events were identified from claims with the ICD-9-CM codes listed in table 1 for at least 1 inpatient, outpatient or emergency room visit, but not from diagnosis codes found on laboratory orders alone.
Statistical Analyses
Analyses were conducted for all patients in the 2 cohorts and also for the 2 cohorts further subdivided into patients ! 65 and 6 65 years of age. Demographic and medical history characteristics were compared between the 2 cohorts using 2 , Fisher's exact or 2-sided Wilcoxon rank-sum tests, and histories of stroke risk factors using 2 tests. Rates of stroke or TIA were calculated as overall incidence rates with 95% confidence intervals (CIs) and as incidence rate ratios (IRRs), also with 95% CIs.
As the 2 cohorts were not fully matched, multivariate analyses (Cox proportional hazard regression models) adjusted for demographic and clinical risk factors ( table 2 ) were used to examine the influence of oseltamivir on the outcomes. Results were expressed as hazard ratios (HRs) with 95% CIs. To decide whether or not to include a variable as a predictor in the multivariate model, stepwise regression with an ␣ of 0.05 was used, with the variable of interest -a claim for oseltamivir -forced into the model. If variables were found to be non-significant in the stepwise regression analysis, they were not utilized in the multivariate model. 3 In the previous 12 months (>30 days apart), excluding index diagnosis. 4 In the previous 12 months.
} } }
Sensitivity Analyses
Sensitivity analyses were used to evaluate the impact of a history of acute myocardial infarction (AMI), which is often associated with increased stroke risk. Stroke was characterized as either hemorrhagic or thromboembolic ( table 1 ) . Descriptive analyses assessing the differences in incidence of these different types of stroke outcomes were performed. The effect of influenza diagnosis during the influenza season (set at October 1 to March 31) versus outside of the influenza season was also evaluated.
Propensity score analysis can reduce bias due to non-randomization in this type of study. A logistic regression propensity model was estimated for the propensity for being prescribed oseltamivir versus not being prescribed oseltamivir. Stepwise logistic regression was used to test all variables for inclusion. The propensity score, based on regression adjustment [21] , was added as one of the independent variables to the 'all patients, all ages, all seasons' and 'all patients, all ages, influenza season' models in this sensitivity analysis.
Results
Study Population Characteristics
The numbers of patients included in the study and reasons for exclusion are shown in figure 1 . Patient demographics, medical histories and risk factors for stroke, as recorded in the 12 months prior to influenza diagnosis, are shown in table 2 . The mean age of patients in the oseltamivir cohort was slightly lower, with a higher proportion of patients in the comparison group ! 65 years of age. The comparison cohort also included a higher proportion of female patients.
Significantly higher proportions of patients in the comparison cohort had a pre-existing comorbidity (except sickle cell anemia, lupus and migraine; table 2 ). The proportion of patients with a history of AMI was low in both cohorts, and was lowest in the oseltamivir cohort, as was the proportion of patients who had been prescribed other antiviral used ±6 months of any influenza diagnosis, oseltamivir used 6 months to 1 day before or 2 days to 6 months after diagnosis with no other influenza diagnosis qualifying for the untreated cohort ␤ -blockers and clopidogrel. Statin use was similar in the 2 cohorts (both approximately 10% of patients) and, as might be expected, strongly correlated with a history of hyperlipidemia (data not shown). A higher proportion of patients in the oseltamivir cohort had been prescribed antibiotics in the 12 months before influenza diagnosis, although a higher percentage in the comparison cohort had an antibiotic prescribed at diagnosis or during the preceding 9 days.
Clinical Outcomes
Rates of stroke or TIA in the 2 cohorts are shown in figure 2 . According to these unadjusted data, patients prescribed oseltamivir had a significantly lower risk of stroke or TIA compared with those not prescribed an antiviral. Overall, and in those aged 6 65 years, IRRs were lowest in the first month after diagnosis ( table 3 ) .
All the variables in table 2 were tested in the multivariate Cox models for their influence on the risk of stroke or TIA following influenza. All the factors found to have an effect (i.e. with an ␣ ! 0.05, except for oseltamivir vs. no antiviral treatment) and subsequently in- Variables with a stepwise regression with ␣ < 0.05 and with a prescription of oseltamivir versus no antiviral prescription are included; 12-month history of AMI was used as a covariate. COPD = Chronic obstructive pulmonary disease; CNS = central nervous system; -= negatively associated with stroke risk; + = positively associated with stroke risk.
Following adjustment for the various factors, oseltamivir prescription was shown to be associated with significant reductions in the risk of stroke or TIA ( table 5 ) . There were risk reductions of 44, 36 and 28% for the overall age group at 1, 3 and 6 months after diagnosis, respectively. In patients ! 65 years of age, the corresponding risk reductions were 41, 37 and 34%, respectively. In the 6 65 years age group, the risk reduction was only significant for the first month after diagnosis (51% reduction).
Sensitivity Analyses
A history of AMI as a covariate had no significant impact on the findings of this study ( table 5 ) .
Differences in the incidence of the different types of stroke outcomes were evaluated. The incidence rate of hemorrhagic strokes was lower in the oseltamivir group than in the comparison group during all follow-up periods, although this difference was statistically significant only for 3 and 6 months of follow-up. After 6 months of follow-up, the incidence rate of hemorrhagic stroke was 0.001 in the oseltamivir group and 0.002 in the comparison group (IRR 0.461, 95% CI 0.269-0.756). Subarachnoid hemorrhage made up only 15% (n = 3) of the hemorrhagic stroke events in the oseltamivir group and 20% (n = 18) in the comparison group. Results were similar to overall hemorrhagic stroke when subarachnoid hemorrhagic events were excluded. Patients treated with oseltamivir had significantly lower incidence rates of thromboembolic strokes than in the comparison group in all follow-up periods.
Propensity scores were added as independent variables to the 'all patients, all ages, all seasons' and 'all patients, all ages, influenza season' models. The propensity scores were not statistically significant in either of these models and did not substantially alter the results.
The findings during and outside the influenza season were largely confirmatory of the overall findings, except that oseltamivir was not associated with a risk reduction in the first month after influenza diagnosis outside the influenza season ( table 5 ) .
Discussion
In this study, adults prescribed oseltamivir had a significantly reduced risk of stroke or TIA in the 6 months following influenza diagnosis compared with those not prescribed antiviral therapy.
A large body of evidence from ex vivo and in vitro animal and human studies has demonstrated that influenza results in increased local expression of proinflammatory cytokines, increased platelet aggregation, endothelial dysfunction, loss of the protective properties of high-density lipoprotein and elevation of systemic markers of inflammation [1, 2, [22] [23] [24] [25] . All these changes have the potential to either directly or indirectly stimulate thrombogenesis and exacerbate inflammation of atherosclerotic plaques, which, along with increased hemodynamic stress, could increase the risk of stroke.
Oseltamivir treatment in clinical trials lowered viral titer, the number of patients reporting fever and the duration of fever, and other symptoms compared with placebo [16, 17, 26] . In addition, in a study of experimental human influenza A, patients treated with oseltamivir had lower levels of the proinflammatory cytokines interferon-␥ , interleukin-6 and tumor necrosis factor-␣ in nasal washings, compared with the placebo group. In the placebo group, levels of these cytokines were 2-to 4-fold above baseline [26] . Given the potential proinflammatory and prothrombotic consequences of influenza, it might be anticipated that a treatment that reduces levels of proinflammatory cytokines, inflammation, viral load and duration of illness would have a positive impact on the risk of thrombotic events such as stroke after influenza infection. This is reflected in the findings of our study.
Oseltamivir was associated with a protective effect on stroke and TIA in adults ! 65 years of age for up to 6 months after influenza diagnosis, and in the first month after influenza in those aged 6 65 years. However, rates of stroke or TIA were approximately 10 times lower in patients ! 65 years of age. This difference in rates of stroke or TIA is in accordance with other studies showing that prevalence of stroke increases with increasing age [27, 28] .
Previous studies have demonstrated that the highest risk of cardiovascular events occurs in the first month after influenza infection and that the incidence of cardiovascular events declines gradually afterwards [3] . Accordingly, we found that oseltamivir treatment exerts its greatest level of protection in the first month after influenza infection and the extent of protection decreases over the next few months.
Age-related variations in the occurrence of different types of stroke, such as the significant risk reduction within 1 month after influenza diagnosis, but not later, in older patients, could have a number of causes. For example, there is evidence that strokes due to thromboembolic events could account for a higher proportion of strokes in older patients [28] . It could be argued that any treatment that reduces the risk of thromboembolism might thus have a greater immediate impact on stroke risk in the 6 65 years group. In addition, the lower IRRs observed overall in the first month after influenza could also be a reflection of variation in the types of stroke with time following influenza.
The sensitivity analysis showed that a history of AMI, which is widely considered to be a risk factor for stroke, had no impact on the effect of oseltamivir in reducing the risk of stroke or TIA.
The risk reductions observed with oseltamivir during influenza seasons were consistent with the overall findings of the study, which might be expected as patients diagnosed during influenza seasons accounted for approximately 85% of the study participants. The number of patients diagnosed outside the influenza season was thus relatively small, which may have hampered accurate statistical analysis. However, it could also be speculated that as influenza diagnoses were not confirmed by influ-enza tests, some of the patients diagnosed outside the influenza season could have had influenza-like illnesses other than influenza, in which case oseltamivir would not have been an effective treatment.
Several limitations in the design of this study should be acknowledged. Firstly, the database utilized included only patients covered by specific forms of health insurance and may not have been representative of the entire United States population. Secondly, the ICD-9-CM code for influenza was assigned from physicians' diagnoses, without a requirement for either near-patient or laboratory testing for influenza virus. However, as many physicians use clinical diagnosis alone for influenza, this was considered adequate and may, in fact, better reflect reallife situations in physicians' clinics. Our database captured a rather low number of elderly subjects by design and this has limited our ability to generalize our findings to subjects 6 65 years old. Finally, patients were not randomized to the oseltamivir and comparison cohorts. However, multivariate models were used to adjust for variations between the cohorts. Additionally, a propensity score analysis found that the incidence of stroke was not affected by the propensity to receive oseltamivir, indicating that there was no substantial confounding by indication.
Conclusion
The results of this retrospective cohort study provide the first evidence that, when prescribed on first presentation of clinically diagnosed influenza, oseltamivir is associated with a reduced risk of stroke or TIA compared with no antiviral treatment. These results, if confirmed by randomized studies, offer a novel approach to prevention of stroke and TIA.
While efforts should be taken to increase the influenza vaccination rate in high-risk individuals, clinicians should be aware of the effectiveness of neuraminidase inhibitors in reducing burden of influenza and its complications when patients become infected due to lack or failure of influenza vaccination. Finally, an influenza pandemic is a likely event in the near future and it has been observed that during previous pandemics, the majority of mortality has been due to cardiovascular events triggered by influenza [29, 30] . Antivirals can potentially provide additional protection in these situations by their ability to prevent post-influenza cardiovascular events.
